Abstract Seven genotypes of faba bean (Vicia faba L.) were used in carrying out half diallel cross, 21 F 1 hybrids and 21 F 2 progenies evaluated under well watered and rainfed conditions at the Maryout Agriculture Experimental Station of Desert Research Center. Mean squares of genotypes in F 1 and F 2 generations showed that the differences due to genotypes were significant for all characters studied under well watered and rainfed conditions. The four parental genotypes; P 2 , P 4 , P 5 and P 6 were the earliest in days to 50% flowering and recorded values raging from 30.88 to 47.98 days under well watered and rainfed conditions and the two crosses; P 1 · P 3 and P 2 · P 7 in both generations under the two treatments. The parental genotype P 2 recorded the highest number of branches per plant (7.85 and 6.94 branches) under well watered and rainfed treatments, respectively. While, the two crosses; P 2 · P 4 and P 2 · P 6 recorded the highest number of pods per plant in both generations under well watered and rainfed treatments. For 100-seed weight the parent Aquadulce (P 4 ) recorded the highest values under well watered and rainfed conditions (95.62 and 71.72 g, respectively). As well as the two crosses; P 2 · P 5 and P 2 · P 6 recorded the highest values for seed yield per plant. Significant positive heterosis and heterobeltiosis were detected for different traits; With respect to seed yield per plant, the seven crosses; P 1 · P 7 , P 2 · P 5 , P 2 · P 6 , P 4 · P 6 , P 5 · P 6 , P 5 · P 7 and P 6 · P 7 had significant positive heterotic effects relative to mid and better parents under the two irrigation treatments. Mean squares of both GCA and SCA estimates were highly significant or significant in both generations for all the studied traits under well watered and rainfed conditions. Variances due to GCA were larger than those for SCA and exceeded the unity were detected for days to 50% flowering in F 1 generation under rainfed conditions, No. of branches per plant, No. of pods per plant in both treatments and generations except for F 1 generation under rainfed condition, 100-seed weight in both treatments and generations except for the F 1 generation under well watered conditions and seed yield per plant in both treatments and generations except for the F 2 generation under well watered and rainfed conditions, revealing that the largest part of the total genetic variance associated with different traits being the result of additives types on gene action. General combining ability results showed that the three parental genotypes (P 1 (G.461), (P 2 (NBL2) and P 4 (Aquadulce)) were good combiners for improving most studied traits. Such combinations might have desirable transgressive segregations, provided that the additive genetic system is present in different crosses for increasing plant yield and its components under targeted well watered and rainfed conditions. For SCA, the desirable inter-and intra-allelic interactions were presented in the cross P 6 · P 7 in the two generations under both treatments along with P 1 · P 2 in the F 2 generation under both treatments, P 1 · P 5 in F 1 and F 2 generations under well watered and rainfed conditions respectively, P 1 · P 6 , P 2 · P 5 and P 4 · P 6 in F 1 under both treatments and the three crosses; P 1 · P 7 , P 3 · P 4 and P 3 · P 5 in F 1 generation under well watered conditions showed significant positive effects for 100-seed weight. Moreover, seven F 1 0 P 1 · P 7 in both generations and under the two treatments, P 1 · P 4 in the F 1 generation under well watered conditions, P 2 · P 5 , P 2 · P 6 , P 4 · P 6 and P 5 · P 7 under F 1 generation under both treatments and P 6 · P 7 in the F 2 generation under rainfed conditions possessed significant positive effects for seed yield per plant. These crosses might be of interest in breeding programs to produce pure lines while most of them involve at least one good combiner for the trait in view.
Introduction
Faba bean (Vicia faba L.) is one of the most important grain legumes in prone regions of North and East Africa, especially in Egypt. It plays an important role in world agriculture, owing to its high protein content, ability to fix atmospheric nitrogen, capacity to grow and yield well on marginal lands. The production of faba bean is severely limited by several constraints, which include drought and salinity stresses (Alghamdi, 2007) .
Breeders use two strategies to improve drought tolerance; the first which is rather unspecific is based on the exploitation of heterosis. Heterosis for the yield of faba bean tends to increase under drought stress . The second strategy is direct selection for drought tolerance and its components (Loss and Siddique, 1997) .
Hybrids breeding has been suggested as a solution for improving seed yield and yield stability in the faba bean. Superiority of hybrids over the mid and/or better parents for seed yield is associated with the manifestation of heterotic effects in important yield components, i.e., number of branches per plant, number of pods per plant and seed index. These heterotic effects may range from significantly positive to significantly negative for different traits depending on genetic makeup of parents (Duc, 1997; Abdalla et al., 1999; El-Keredy et al., 1999; Darwish et al., 2005; El-Hady et al., 2006) . Bond et al. (1994) and Abdelmula et al. (1999) reported that faba bean hybrids showed better adaptation to a wide range of abiotic conditions as compared to open pollinated or inbred cultivars and better tolerance to drought stress. While, Omar et al. (1998) suggested that the economic feasibility would be considerably improved if sufficient heterosis were retained in the F 2 generation to make its production of value particularly under stress conditions. In addition several researchers have stated the significance of both general and specific combing ability effects for yield and other important traits of faba beans (Abdalla et al., 2001; Attia et al., 2002; Attia and Salem, 2006; Hossam, 2010) .
The present investigation aimed to understand the nature of gene action and the relative magnitude of heterosis and the combining ability of seven faba bean diverse genotypes in addition to their respective F 1 and F 2 generations using diallel cross mating design for some agronomic traits under well watered and rainfed conditions.
Materials and methods
Two field adjacent experiments were conducted at the Maryout Agriculture Experiment Station of Desert Research Center (D.R.C.) under two irrigation treatments, rainfed amount only and rainfed + 2 supplemental irrigations given at sowing and flowering stage to study the response of seven genotypes of faba bean (V. faba L.) and their respective F 1 and F 2 generations. Names, source and pedigree of faba bean varieties or lines are presented in Table 1 . In 2006/07 season different genotypes were crossed in a half-diallel mating design under wire cages at the Maryout experimental site and 21 F 1 hybrids were obtained. The F 2 seeds of these crosses were produced by bagging F 1 plants during the flowering period in 2007/08 season and F 1 crosses were made to obtai additional F 1 0 seeds. The soil of the site is loamy clay in texture, E.C. 4.53 ds/m, calcareous (34.19% CaCO 3 ) and 0.76% organic matter.
In the 2008/09 season the parental genotypes along with their 21 F 1 and 21 F 2 progenies were sawn in a randomized complete block design with three replications. Each experimental plot consisted of 3, 1 and 5 rows for parents, F 1 and 21 F 2 , respectively in each replication under both experiments. The row was 4 m in length, 0.6 m in width and the plants were spaced within the row at 20 cm. Table 2 shows the meteorological data of the experimental site collected from the meteorological desert research lab during growing seasons. The total rainfed amounts in 2007/08 and 2008/09 seasons were 195.10 and 175.84 mm, respectively. The randomization was restricted by growing parents, F 1 hybrids and F 2 separately.
Number of days to 50% flowering of plants/plot was recorded during the growth period. At harvest; plant height, number of branches per plant, number of pods per plant, 100-seed weight and seed yield per plant were recorded for each genotype on 10 guarded plants for parents and F 1 plants and on 25 plants for F 2 from each replicate.
Data were subjected to regular analysis of RCBD on plot mean basis according to Snedecor and Cochran (1989) . The heterotic effects of F 1 crosses were estimated as percentage over mid parent (Heterosis) as well as better parent (Heterobeltiosis) according to Fonseca and Patterson (1968) .
The 't' test was made to determine whether F 1 hybrid means were statistically different from mid parent and better parent means as illustrated by Wynne et al. (1970) .
The data were analyzed as a fixed model (Baker, 1978) . The diallel design was analyzed according to Griffing's method 2, model (Griffing, 1956) .
Results and discussion

Analysis of variances
Mean squares of variance of genotypes in F 1 and F 2 generations showed that differences among genotypes were significant for all the studied characters under well watered and rainfed conditions (Table 3 ). This indicates the presence of sufficient genetic variability among genotypes which can be exploited in faba bean breeding program for improving yield and other traits. El-Hosary et al. (2002) , Alghamdi and Ali (2004) , Kalia and Sood (2004) and Alghamdi (2007) found variation among faba bean genotypes for the same studied traits.
Mean performance
The mean performance of different faba bean genotypes is given in Table 4 . P 2 , P 4 , P 5 and P 6 were the earliest in flowering and recorded values raging from 30.88 to 47.98 days under well watered and rainfed conditions and the two crosses; P 1 · P 3 and P 2 · P 7 in both generations under the two treatments. Also the crosses; P 1 · P 5 , P 2 · P 4 , P 2 · P 6 , P 4 · P 6 and P 6 · P 7 in F 1 generation and the two crosses; P 3 · P 7 and P 4 · P 5 in F 2 generation under well watered treatment and the two crosses; P 3 · P 7 and P 4 · P 5 in F 1 generation and the three crosses; P 1 · P 4 , P 3 · P 7 and P 4 · P 5 in F 2 generation under rainfed conditions were the earliest in flowering. Meanwhile, the parental genotype (P 7 ) and the three crosses; P 1 · P 4 , P 3 · P 5 and P 4 · P 5 were the latest in flowering in one or both generations under the two treatments. The five crosses; P 1 · P 7 , P 2 · P 4 , P 3 · P 4 , P 3 · P 6 and P 3 · P 7 in the F 1 generation were the tallest under one or both treatments as well as the five crosses; P 2 · P 3 , P 2 · P 5 , P 3 · P 7 , P 5 · P 6 and P 6 · P 7 in the F 2 generation under well watered and rainfed conditions. The parent NBL2 (P 2 ) recorded high values for a number of branches per plant (7.85 and 6.94 branches under well watered and rainfed treatments, respectively). For the number of pods per plant, the two crosses; P 2 · P 4 and P 2 · P 6 recorded the highest number of pods per plant in both generations under well watered and rainfed treatments, as well as the cross P 3 · P 4 in F 1 generation under both treatments and the cross P 4 · P 7 in both generations (40.33 and 72.49 pods) under well watered treatment and F 2 generation (56.38 pods) under rainfed conditions.
For 100-seed weight the parent Aquadulce (P 4 ) recorded the highest values under well watered and rainfed conditions (95.62 and 71.72 g, respectively) . The two crosses; P 2 · P 5 and P 2 · P 6 registered the highest values for seed yield per plant followed by the three crosses; P 4 · P 6 , P 5 · P 6 and P 5 · P7 in F 1 generation under well watered and rainfed conditions which had values that ranged from 66.10 to 95.58 g. It is noticed that the crosses which are superior in the number of pods per plant and seed yield per plant significantly exceeded the highest parental genotypes in the two traits. However, none of the F 1 crosses exceeded their highest parents in 100-seed weight. From the above mentioned results it could be concluded that the previous superior genotypes can be exploits in faba bean improving programs. Similar results were obtained by, El-Kady and Khalil (1979) , Link et al. (1999) , Abdalla et al. (2001) , El-Hosary et al. (2002) , AlGhamdi and Ali (2004) , Afiah et al. (2007) , Attia and Salem (2006) and Alghamdi (2007) .
Heterosis
Values of heterosis percentages relative to mid parents (MP) and better parent (BP) are presented in Table 5 . For days to 50% flowering, the desirable negative MP and BP heterotic effects were recorded by the four crosses; P 1 · P 5 , P 2 · P 7 , P 3 · P 7 and P 6 · P 7 under both irrigation treatments giving values ranging from À39.26% to À18.39%. However, positive heterotic effects relative to MP were obtained in the five crosses; P 1 · P 4 , P 2 · P 3 , P 3 · P 5 , P 4 · P 5 and P 5 · P 6 which ranged from 20.64% to 87.79%. while the two crosses P 4 · P 5 and P 5 · P 6 gave a range of 31.36-84.61% relative to BP under well watered and rainfed conditions as well as the two crosses P 2 · P 4 and P 2 · P 5 for MP and BP under rainfed condition and the cross P 3 · P 5 for BP under well watered conditions. For plant height, heterosis percentages relative to mid and better parents were significant and positive in the cross (P 1 · P 7 )under both treatments and in the three crosses; P 2 · P 4 , P 2 · P 7 and P 4 · P 5 under well watered conditions. Regarding the no. of branches/plants the two crosses; P 5 · P 6 and P 5 · P 7 exhibited significant positive heterotic effects relative to MP and BP under both irrigation treatments except heterotic effects relative to BP were not significant for the cross P 5 · P 6 under rainfed conditions. Also the cross P 4 · P 5 registered significant positive heterotic effects relative to MP and BP under rainfed conditions for this trait. For number of pods per plant eighteen of the tested crosses gave significant and positive heterosis values relative to MP and BP under well watered and/or rainfed conditions. For 100-seed weight only the cross P 2 · P 5 exhibited significant positive MP heterotic effect (24.38 g%) under rainfed conditions. With respect to seed yield per plant, the seven crosses; P 1 · P 7 , P 2 · P 5 , P 2 · P 6 , P 4 · P 6 , P 5 · P 6 , P 5 · P 7 and P 6 · P 7 had significant positive heterotic effects relative to mid and better parents under the two irrigation treatments which had values that ranged from 33.29 to 96.97 g% for mid parent (MP) and 9.42 to 70.32 g% for better parent (BP). Also significant positive heterotic effects were recorded for this trait by the cross P 1 · P 5 for MP heterosis (21.30 g%) under well watered treatment, the cross P 4 · P 5 under well watered and rainfed conditions for MP heterosis and the cross P 4 · P 6 for MP heterosis under both treatments. It could be suggested that the heterotic effects for seed yield were associated with other yield components. Different values of heterosis might be due to the genetic diversity of the parents with non-allelic interactions which increase or decrease the expression of heterosis (Hayman, 1958) . While, Alghamdi (2009) illustrated that heterosis estimates for the majority of different traits indicate that there was sufficient genetic divergence among the parents assessed, resulting in a favorable situation for breeding. Moreover, various cross combinations exhibited different degrees of F 1 superiority in some traits based on the genes in parental combinations that may contribute directly or indirectly to the characters. Many investigators proposed that favorable heterosis varied according to the cross combinations for different traits Link et al., 1999 Link et al., , 2010 Abdalla et al., 2001; Attia et al., 2002; Omar, 2004; Darwish et al., 2005; Attia and Salem, 2006; El-Hady et al., 2006; Ghaouti and Link, 2009; Hossam, 2010) .
Combining ability
Analysis of variance for combining ability is presented in Table 6 . Mean squares of both GCA and SCA were highly significant or significant in both generations for all the studied traits under well watered and rainfed conditions. Moreover, the variances due to GCA were larger than those for SCA and the ratio of r2GCA/r2 SCA exceeded the unity for days to 50% flowering in F 1 generation under rainfed conditions, no. of branches per plant, no. of pods per plant in both treatments and generations except for the F 1 generation under rainfed conditions, 100-seed weight in both treatments and generations except for the F 1 generation under well watered conditions and seed yield per plant in both treatments and generations except for F 2 generation under well watered and rainfed conditions, revealing that the largest part of the total genetic variance associated with different traits being the result of additives types on gene action. This indicated that direct selection could be useful for improving these traits. However, the rest of the cases gave low ratios (less than unity), revealing the predominance of non-additive gene action. It could be concluded that both additives and dominance of genetic components seemed to be important in controlling operating the inheritance of the studied traits, although the contribution of each component varied according to trait, generation and irrigation treatment. These findings are in agreement with those of (Abdalla et al., 1999 (Abdalla et al., , 2001 El-Keredy et al., 1999; Attia et al., 2002; El-Hosary et al., 2002; Attia and Salem, 2006; Alghamdi, 2009; Hossam, 2010) who reported that both of additives and non additive gene effects were significant for most of the studied traits. Comparisons between GCA effects (gi) associated with individual parents in each trait are illustrated in Table 7 . Results revealed that the parent P 2 (NBL2) in F 1 generation under rainfed conditions, P 3 in the two generations under well watered conditions, P 4 (Aquadulce) in F 1 and F 2 generations under well watered and rainfed conditions, respectively, P 5 (NBL4) in F 2 generation under both treatments and P 6 (L5) in F 2 generation under rainfed conditions showed highly significant useful negative effects for days to 50% flowering. Whereas, P 1 (G.461) and P 3 (L 82009-3) in F 1 generation under rainfed conditions, P 4 (Aquadulce) in F 1 generation under well watered conditions and P 6 (L5) in F 2 generation under both treatments had significant positive (gi) effects for plant height. Moreover, P 1 (G.461) in both generations and the two treatments except for F 1 generation under rainfed conditions, P 2 (NBL2) in F 1 generation under rainfed conditions, P 3 (L 82009-3) under both treatments in F 2 generation, P 6 (L5) in F 1 generation under both treatments and P 7 (L8) in F 1 generation under well watered treatment showed highly significant positive (gi) effects for number of branches per plant. For number of pods per plant, P 4 (Aquadulce) in the two generations and treatments, P 2 (NBL2) and P 6 (L5) except in F 1 generation under well watered treatment and the three parental genotypes P 3 (L 82009-3), P 5 (NBL4) and P 7 (L8) in F 1 generation under well watered conditions exhibited significant positive (gi) effects. However, P 4 (Aquadulce) in both generations and treatments, P 1 (G.461) except for F 1 under well watered conditions and P 5 (NBL4) in F 1 generation under both treatments registered significant positive GCA effects for 100-seed weight. For seed yield per plant the two parents P 2 (NBL2) and P 4 (Aquadulce) in both generations as well as P 5 (NBL4) in F 1 generation under both treatments showed significant positive GCA effects. The all previous parents are considered to be good general combiners for their respective traits. Also results suggest that three parental genotypes; P 1 (G.461), P 2 (NBL2) and P 4 (Aquadulce) are considered to be good combiners for improving most of the studied traits and could be exploited as genetic resources for faba bean yield improvement. Similar results were obtained by (Abdalla et al., 1999; El-Hosary et al., 2002; Darwish et al., 2005; Attia and Salem, 2006; El-Hady et al., 2006; Alghamdi, 2007; ElHarty et al., 2007; Alghamdi, 2009) .
Specific combining ability effects of F 1 -cross combinations were computed for each cross in the F 1 and F 2 generations for the studied traits (Table 8 ). For number of days to 50% flowering nine and six crosses of F 1 under well watered and rainfed conditions, respectively as well as eight and six crosses in F 2 under well watered and rainfed conditions, respectively had highly significant desirable negative effects. Five F 1 -crosses (P 1 · P 3 , P 1 · P 6 , P 2 · P 5 , P 2 · P 7 and P 4 · P 6 ) under well watered conditions and other five crosses (P 1 · P 7 , P 2 · P 4 , P 3 · P 6 , P 3 · P 7 and P 4 · P 5 ) under rainfed conditions as well as six crosses (P 1 · P 4 , P 2 · P 3 , P 2 · P 5 , P 3 · P 7 , P 5 · P 6 and P 6 · P 7 ) in F 2 under both treatments and the cross P 1 · P 5 under rainfed conditions exhibited significant positive SCA effects for plant height. Moreover, four crosses (P 1 · P 2 , P 1 · P 3 , P 1 · P 4 and P 6 · P 7 ) under well watered and three crosses (P 5 · P 6 , P 5 · P 7 and P 6 · P 7 ) under rainfed conditions in F 1 as well as the two crosses; P 4 · P 5 and P 6 · P 7 in F 2 generation under well watered conditions and one cross (P 4 · P 5 ) under rainfed conditions showed significant positive SCA effects for number of branches per plant. While, the four crosses; P 1 · P 5 , P 2 · P 6 , P 4 · P 7 and P 6 · P 7 in both generations under the two irrigation treatments except in F 1 generation under well watered conditions, the two crosses (P 1 · P 2 and P 3 · P 6 ) and (P 3 · P 4 and P 3 · P 5 ) in F 1 under well watered and rainfed conditions, respectively as well as the cross P 2 · P 4 in F 2 under both treatments had significant positive SCA effects for number of pods per plant. The cross P 6 · P 7 in the two generations under both treatments along with the cross P 1 · P 2 in F 2 generation under both treatments, P 1 · P 5 in F 1 and F 2 generations under well watered and rainfed conditions, respectively, P 1 · P 6 , P 2 · P 5 and P 4 · P 6 in F 1 under both treatments and the three crosses; P 1 · P 7 , P 3 · P 4 and P 3 · P 5 in F 1 generation under well watered conditions showed significant positive SCA effects for 100-seed weight. Moreover, the seven crosses; P 1 · P 7 in both generations under the two treatments, P 1 · P 4 in F 1 generation under well watered conditions, P 2 · P 5 , P 2 · P 6 , P 4 · P 6 and P 5 · P 7 in F 1 generation under both treatments and P 6 · P 7 in F 2 generation under rainfed conditions possessed significant positive SCA effects for seed yield per plant. Thus SCA effects for seed yield per plant seemed to be influenced by SCA effects for yield components. These results are in line with those reported by El-Hosary et al. (2002) , Attia and Salem (2006) , El-Hady et al. (2006) , Alghamdi (2009) and Hossam (2010) .
In general, the previous results showed that some yield components are more important for yield expression than others. In the selection program, however adjustments up to the desired levels of each component may have to be made in order to obtain the maximum seed yield potential. Abdalla et al. (1999) reported that crosses which showed high SCA effects, it might include only one good combiner, such combinations might have desirable transgressive segregations providing that the additive genetic.
system present in the crosses are acting in the same direction to reduce un-derisible plant characteristics and maximize the characters in view which is important in traditional breeding programs for environmental stresses. These results are in agreement with those reported by El-Keredy et al. (1999) , Abdalla et al. (2001) , Attia et al. (2002) , Darwish et al. (2005) , Attia and Salem (2006) , El-Hady et al. (2006) and Hossam (2010) .
